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(£) Helical gear pump and stator. 

(57) A helical gear pump having a stator in which the wall thickness of the stator is substantially constant 
This reduces heating in dry running conditions and this effect can be improved by providing anti-friction 
surfaces on both the rotor and stator. 
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The present invention relates to a helical gear 
pump and to a stator therefore. Helical gear pumps 
(also known as progressive cavity pumps) comprise 
a stator formed of an elastomeric material, usually 
synthetic rubber, comprising a stator body having a 
female helical gear formation of n starts defining 
major and minor diameters, and a rotor rotatable 
within the female helical gear formation of the stator, 
the rotor having a male helical gear formation of n i 
1 starts. 

One particular form of stator involves a barrel, 
which is usually generally cylindrical, and the elas- 
tomeric material of the stator is molded into this barrel. 

One of the main limitations of the progressive 
cavity pump design is that it cannot run without the 
presence of some form of lubrication for an extended 
period. The lubrication is normally the pumped fluid. 
For such a pump to operate satisfactorily there must 
be an interference fit between the rotor and the stator 
and the stator must be formed of an elastomeric ma- 
terial. This combination results in a build-up of heat 
during normal pump operation due to hysteresis, pro- 
duced in the elastomer. 

As long as the pump is operated within its design 
parameters, then there is lubrication produced by the 
fluid being pumped and, the heat build-up remains 
within acceptable limits. However, from time to time, 
the pump is caused to run dry due to a failure of the 
supply of the pumped fluid. The heat generated due 
to frictional heating of the rubber stator very quickly 
exceeds acceptable levels, causing the elastomer to 
revert to its uncured state and to disintegrate. 

Typically the time taken for the stator to reach 
unacceptable levels is two minutes from the onset of 
dry running. This short time period means that the 
various protection devices used to detect dry running 
and to switch off the pump are not entirely reliable, 
because they have insufficient time in which to react 
to the dry run condition. 

Another limitation of pumps of this conventional 
nature is that there is a maximum fluid temperature 
above which the pump cannot operate. If the 
maximum temperature is exceeded, the stator tem- 
perature again reaches unacceptable limits causing 
stator failure. 

It is now proposed, according to the present 
invention, to provide a helical gear pump stator com- 
prising a stator body having a female helical gear for- 
mation thereon defining major and minor diameters, 
said stator body being formed of an elastomeric ma- 
terial, the wall thickness of the stator body being sub- 
stantially constant, the surface of the female helical 
gear formation being subjected to an anti-friction coat- 
ing. The anti-friction coating may be achieved by 
chlorination of the synthetic rubber. 

It has been found that this obviates many of the 
difficulties encountered in conventional stator struc- 
tures. In such conventional structures the cross-sec- 



tion is repeated along the length of the stator and 
rotates through 360°, or one pitch, over the length of 
the stator. The stator thickness varies around the sec- 
tion. This causes varying physical properties around 

5 the section and the interference between the rotor and 
stator is greater at the stator minor diameter than at 
the stator major diameter, under normal design par- 
ameters, to ensure sealing between the rotor and the 
stator during normal operation. 

10 Experiments on conventional stators show that a 

maximum temperature occurs at the stator minor 
diameter and on either side of the minor diameter, the 
temperature of the stator tends to be different as will 
be explained in more detail later. 

is It has been found that with the structure of the pre- 

sent invention, during normal operation, the tempera- 
ture of the rubber in the constant wall stator is very 
much lower than for the conventional design. 

The design of the present invention in which the 

20 wall thickness of the stator is constant and the surface 
of the helical gear formation is formed with an anti-fric- 
tion coating largely overcomes these problems 
insofar as the constant rubber thickness around the 
stator section means that the physical properties at 

25 each position around the section are identical and the 
interference between the rotor and stator, at the minor 
diameter, can be reduced as compared with that 
found with the conventional design. It is believed that 
this is due to the thinner section of the rubber present 

so at the minor diameter which is stiffer than for the con- 
ventional design of stator. 

The invention also provides a helical gear pump 
including a stator according to the invention, the heli- 
cal gearformation having n starts and a rotor rotatable 

35 within said female helical gear formation, the rotor 
having a cooperating male helical gearformation of n 
± 1 starts, the surface of the rotor having a friction 
reducing coating, such as a nickel phosphorous coat- 
ing impregnated with polytetraflorethylene. 

40 In order that the present invention may more rea- 
dily be understood, the following description is given, 
merely by way of example, reference being made to 
the accompanying drawings in which:- 

Figure 1 is a cross-section through a conventional 

45 design of stator; 

Figure 2 is a view similar to Figure 1 showing the 
temperature distribution of such a conventional 
stator design; 

Figure 3 is a cross-section through one embodi- 
50 ment of stator according to the invention; and 

Figure 4 is a schematic longitudinal cross-section 

through one embodiment of pump constructed 

according to the invention. 

Referring first to Figure 4, the helical gear pump 
55 illustrated therein comprises a main housing 10 hav- 
ing an inlet 12, the housing having attached to it the 
helical gear pump itself indicated by the general refer- 
ence numeral 14, an outlet 16 being provided at the 
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far end. 

The pump 14 includes a barrel 18 having molded 
therein a constant wall thickness stator 20 formed with 
a female helical gear formation 22 having 2 starts. A 
rotor 24 is caused to rotate and orbit within the stator 5 
by means of a flexible drive shaft 26 passing through 
the housing 10. The outer surface of the rotor has a 
male helical gear formation of the same pitch as the 
gear formation 22 but having a single start 

Further details of the construction of the stator will 10 
be given later. 

If reference is now made to Figure 1 there is illus- 
trated therein a conventional stator construction 
which has the female helical gear formation 22 the- 
rein. It will be observed that the outer surface 23 of this 15 
stator is circular being located in a ban-el (not shown) 
of cylindrical shape. This produces a varying rubber 
thickness, the thickness being far greater at the minor 
diameter than at the major diameter indicated. During 
normal operation of such a conventional stator pump, 20 
a maximum temperature of the stator occurs at the 
minor diameter, as seen in Figure 2. 

It will be noted that on one side of the minor 
diameter the temperature T1 is slightly lower than the 
maximum temperature T2 on the other side. This ten> 25 
perature distribution is caused it is believed, by the 
mechanism of the rotor rolling along the straight sides 
of the stator cross-section and forming a bead of rub- 
ber along the straight sides of the stator slot. At the 
location of the temperature T1 , the bead of rubber is 30 
quite small as the rotor has only traversed a short dis- 
tance along that side of the slot. By the time it reaches 
the end of the slot, the bead of rubber will have 
increased in size having been swept over a longer dis- 
tance and therefore will generate more heat due to 35 
hysteresis effects. 

If one now studies Figure 3 it will be seen that 
there is a constant rubber thickness and this is 
achieved by molding the stator into the barrel 20 
which has the same, but a slightly larger, cross-sec- 40 
tion as the stator core used in the molding process. 
The constant rubber thickness around the stator sec- 
tion means that the physical properties of the rubber 
at each position around the cross-section are sub- 
stantially identical. 45 

The interference between the rotor and the stator, 
at the minor diameter, can be reduced as compared 
with that encountered on the conventional stator 
design.This is due to the thinner section of rubber pre- 
sent at the minor diameter which is stiffer than for the 50 
conventional design of stator. 

The surface of the rubber may be treated with a 
friction reducing coating, and this may be achieved, 
for example, by treating the surface with a chlorination 
process. 55 

Advantageously, the rotor is provided also with a 
coating to reduce the friction, such as that sold under 
the trade name 'Niflor* which is a PTFE impregnated 



nickel phosphorous. This reduces the fractional co- 
efficient of the rotor surface. 

In using the pump shown in Figure 4, according 
to the invention, the temperature of the rubber in the 
constant wail stator is found to be much lower than for 
conventional designs of stator. The lower tempera- 
ture occurs due to the thinner, and hence stiffer, sec- 
tions of rubber generating less heat due to hysteresis. 
This effect is especially noticeable at the stator minor 
diameter where there is a significant reduction in tem- 
perature as compared with a conventional stator. In 
addition, the thinner rubber in the constant wall stator 
of the invention has a reduced insulating effect and 
hence contributes to the lower stator temperature. 

It has been found that during a condition of dry 
running the constant wall thickness of the stator pro- 
duces less heat due to frictional heating for two main 
reasons. Firstly, there is a reduced interference be- 
tween the rotor and stator, and secondly, there is a 
reduced friction between the rotor and stator due to 
the friction reducing coatings thereon. It has been 
found that this design is capable of undergoing dry 
running for a period of as much as 1 0 minutes without 
excessive heating of the rubber within the stator. 

Basically therefore the advantages of the con- 
stant wall stator compared to the conventional stator 
are as follows:- 

1. Due to the lower rubber temperatures experi- 
enced, during normal operation, the constant wail 
stator can operate at higher speeds and press- 
ures without excessive heating of the rubber in 
the staton 

2. Due to the improved conduction of heat 
through the wall of the stator, higher fluid tem- 
peratures can be pumped through the stator with- 
out excessively heating the rubber in the staton 

3. The constant wall stator can operate under dry 
run conditions for short periods, typically 10 
minutes, without causing excessive heating of the 
rubber in the stator; and 

4. The extended dry run capability of the constant 
wall stator means that conventional dry run pro- 
tection devices can be more reliably incorporated 
into pump designs to detect the onset of dry run- 
ning and thereby switch the pump off before real 
damage is done. 



Claims 

1. A helical gear pump stator comprising a stator 
body having a female helical gear formation the- 
reon defining major and minor diameters, said 
stator body being formed of a synthetic rubber, 
the wall thickness of the stator body being sub- 
stantially constant, the surface of the female heli- 
cal gear formation being subjected to an 
anti-friction coating. 
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2. A stator according to claim 1 , wherein the stator 
body is molded into a metal barrel having an inner 
surface corresponding to the female helical gear 
formation of the stator, effective to produce the 
substantially constant wall thickness of said 5 
synthetic rubber. 

3. A stator according to claim 1 or 2, wherein said 
anti-friction coating is produced by chlorination of 

the synthetic rubber. 10 

4. A helical gear pump comprising a stator accord- 
ing to any preceding claim, the helical gear for- 
mation having n starts and a rotor rotatable within 
said female helical gear formation, the rotor hav- is 
ing a cooperating male helical gear formation n ± 

1 starts, the surface of the rotor having a friction 
reducing coating thereon. 

5. A helical gear pump according to claim 4, wherein 20 
said friction reducing coating is a nickel phos- 
phorous coating impregnated with polytetraf- 
lorethylene. 
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